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development. Precise knowledge of these variations is of critical importance in
contemporary clinical practice, particularly in hepatobiliary surgery, liver
transplantation, and interventional radiology, where unrecognized ductal
anomalies are a major cause of iatrogenic bile duct injury and postoperative biliary
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were enrolled using consecutive sampling. Patients with MR -incompatible devices
or implants and those with inadequate visualization of the biliary or pancreatic
ductal anatomy were excluded.

Results A total of 124 participants were included in the study. The study
population comprised 68 males (54.8%) and 56 females (45.2%), with a
predominance of rural residents (75.0%). Homemakers (35.5%) and retired
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Conclusion The present study demonstrated that anatomical variations of the
biliary tree and main pancreatic duct are common findings on MRCP. Typical
intrahepatic biliary anatomy was observed in only about half of the study
population, while Type A2 and Type A3 were the most frequent biliary variants.
Lateral mid-CBD insertion was the predominant cystic duct configuration, and
pancreatic divisum was identified in 5.65% of cases.
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INTRODUCTION

The biliary tree and pancreatic ductal system demonstrate substantial anatomical variability as a consequence of their
complex embryological development.!? Precise knowledge of these variations is of critical importance in contemporary
clinical practice, particularly in hepatobiliary surgery, liver transplantation, and interventional radiology, where
unrecognized ductal anomalies are a major cause of iatrogenic bile duct injury and postoperative biliary complications.?3
With the widespread adoption of minimally invasive surgical techniques and image-guided procedures, accurate non-
invasive pre-procedural delineation of biliary and pancreatic ductal anatomy has become an essential component of patient
evaluation.>*
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The cystic duct most often joins the common hepatic duct from its lateral aspect in the mid-portion and usually measures
2-4 cm in length.!? It follows a tortuous course and contains the spiral valves of Heister. The common bile duct descends
posterior to the first part of the duodenum and the head of the pancreas before joining the main pancreatic duct at the
ampulla of Vater, which opens into the second part of the duodenum through the major papilla under the control of the
sphincter of Oddi. The pancreatic ductal system develops from the fusion of the ventral and dorsal pancreatic buds, with
the main pancreatic duct (duct of Wirsung) draining the majority of the pancreatic parenchyma through the major papilla
and the accessory duct (duct of Santorini), when present, draining through the minor papilla. '

The clinical implications of biliary and pancreatic ductal variations are substantial. In hepatobiliary surgery, unrecognized
ductal anomalies increase the risk of bile duct injury, postoperative bile leaks, and biliary strictures. In laparoscopic
cholecystectomy, aberrant right hepatic ducts and atypical cystic duct insertions are well-established risk factors for major
bile duct injuries; preoperative delineation of ductal anatomy can help reduce such complications.>* In liver transplantation,
accurate preoperative assessment of donor biliary anatomy is critical, as complex ductal variants may necessitate multiple
biliary anastomoses and are associated with increased postoperative morbidity.>%’ Certain anatomical variants have also
been linked to disease susceptibility, including an association between pancreatic divisum and pancreatitis, as well as
abnormal pancreaticobiliary junctions with a long common channel and an increased risk of cholangiocarcinoma and
gallbladder carcinoma.®>3

Magnetic resonance cholangiopancreatography has emerged as a key non-invasive modality for evaluating the biliary tree
and pancreatic ductal system. Compared with invasive techniques such as endoscopic retrograde cholangiopancreatography
and intraoperative cholangiography, MRCP offers a safer alternative with high diagnostic accuracy for anatomical
delineation and is particularly suitable for preoperative evaluation.>* Furthermore, MRCP allows comprehensive
assessment of both the biliary and pancreatic ductal systems in a single examination, making it well suited for population-
based studies estimating the prevalence of anatomical variations.>*

The present study aims to evaluate the prevalence of anatomical variations of the intrahepatic bile ducts, cystic duct, and
main pancreatic duct using 3-Tesla magnetic resonance cholangiopancreatography, thereby providing clinically relevant
data to assist radiologists and surgeons in improving preoperative planning and minimizing procedure-related
complications.

MATERIAL AND METHODS

This cross-sectional study was conducted in the Department of Radiodiagnosis, Geetanjali Medical College and Hospital,
Udaipur, over a period of 18 months. A total of 124 patients who underwent magnetic resonance cholangiopancreatography
(MRCP) and fulfilled the inclusion criteria were enrolled using consecutive sampling. Patients with MR -incompatible
devices or implants and those with inadequate visualization of the biliary or pancreatic ductal anatomy were excluded. All
participants underwent MRCP using a 3-Tesla SIGNA ARCHITECT MRI scanner after a fasting period of 4—6 hours. The
obtained MRCP images were analyzed for anatomical variations of the intrahepatic bile ducts, cystic duct and its insertion,
and the main pancreatic duct. Data were recorded in a structured proforma and analyzed using appropriate statistical
methods. Descriptive statistics were expressed as frequencies and percentages, and associations between variables were
assessed using relevant statistical tests. A p-value of <0.05 was considered statistically significant

RESULTS

A total of 124 participants were included in the study. The study population comprised 68 males (54.8%) and 56 females
(45.2%), with a predominance of rural residents (75.0%). Homemakers (35.5%) and retired individuals (25.0%) constituted
the major occupational groups (Table 1). According to Huang’s classification, Type A1 intrahepatic bile duct anatomy was
the most common pattern, observed in 65 participants (52.4%), followed by Type A2 (21.8%) and Type A3 (16.9%). Type
AS was the least common variant (1.6%) (Table 2). No significant association was observed between gender and
intrahepatic bile duct anatomy (x> = 3.96, p = 0.41), indicating a comparable distribution of anatomical variants among
males and females (Table 3). Normal main pancreatic duct anatomy was identified in the majority of participants (91.1%).
Pancreatic divisum was present in 5.6%, whereas meandering main pancreatic duct and anomalous pancreaticobiliary duct
junction were observed in 2.4% and 0.8% of cases, respectively (Table 4). The distribution of main pancreatic duct anatomy
did not differ significantly between males and females (¥*> = 0.19, p = 0.90), suggesting no gender-related variation in
pancreatic ductal anatomy (Table 5). Regarding cystic duct anatomy, lateral insertion of the cystic duct into the mid
common bile duct was the predominant pattern, occurring in 67.7% of participants. Other variations included low posterior
insertion (9.7%), high insertion (8.9%), low medial insertion (5.6%), posterior insertion in the mid CBD (4.8%), and medial
insertion in the mid CBD (2.4%) (Table 6).

Table 1. Baseline Characteristics of Study Participants (n = 124)

Variable Category n (%)
Male 68 (54.8)

Gender Female 56 (45.2)

Residence Rural 93 (75.0)
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Urban 31 (25.0)
Homemaker 44 (35.5)
Retired 31 (25.0)
Farmer 16 (12.9)
Shopkeeper 8 (6.5)
Private Job 7(5.6)
Daily Wage Worker 54.0
Government Employee 4(3.2)
Student 4(3.2)
Businessman 3124
Occupation Others 2 (1.6)

Table 2. Distribution of Intrahepatic Bile Duct Anatomy According to Huang Classification

Huang Classification n (%)

Type Al 65 (52.4)
Type A2 27 (21.8)
Type A3 21(16.9)
Type A4 9(7.3)
Type AS 2 (1.6)
Total 124 00)

Table 3: Association Between Gender and Intrahepatic Bile Duct Anatomy

Huang

Classification Male n Female n Total
Type Al 12 15 27
Type A2 11 10 21
Type A3 4 5 9
Type A4 39 26 65
Type AS 2 0 2

P value 0.41

Table 4. Main Pancreatic Duct Anatomy

Type of Main Pancreatic Duct Anatomy n (%)
Normal 113 (91.1)
Pancreatic Divisum 7(5.6)
Meandering Main Pancreatic Duct 324
Anomalous Pancreaticobiliary Duct Junction 1 (0.8)
Total 124 00)
Table 5. Association Between Gender and Main Pancreatic Duct Anatomy

Pancreatic  Duct

Anatomy Male Female Total

Normal 62 52 114

Pancreatic Divisum | 4 3 7

Meandering MPD 2 1 3

P value 0.9

Table 6. Cystic Duct Anatomy and Insertion Pattern

Cystic Duct Anatomy n (%)
Lateral insertion into mid CBD 84 (67.7)
Posterior insertion into mid CBD 6(4.8)
Medial insertion into mid CBD 324
High insertion 11 (8.9)
Low insertion along medial CBD 7(5.6)

Low insertion along posterior CBD 13 (9.7)
Total 13 00)

DISCUSSION

The present study was conducted to evaluate anatomical variations of the biliary tree and main pancreatic duct using
Magnetic Resonance Cholangiopancreatography (MRCP) in a tertiary care setting. MRCP is a reliable, non-invasive
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imaging modality that provides excellent delineation of the biliary and pancreatic ductal systems and plays an important
role in preoperative planning and the prevention of surgical complications.

The study population predominantly comprised middle-aged and elderly individuals, with the highest proportion belonging
to the 51-60-year age group. No significant association was observed between age and biliary or pancreatic ductal
variations, indicating that these anatomical configurations are congenital in origin and remain stable throughout life.
Similar observations have been reported in previous MRCP-based studies.’ Likewise, gender did not demonstrate a
significant association with ductal variants, which is consistent with the findings of Aljiffry et al. '° and the large meta-
analysis by Janssen et al. !! These findings reinforce the concept that anatomical variations are developmental rather than
demographic phenomena.

The most important finding of the present study was the high prevalence of intrahepatic biliary variations. Using the Huang
classification system, Type Al (normal anatomy) was identified in 52.42% of participants, whereas nearly half exhibited
variant anatomy. This prevalence of normal anatomy was slightly lower than that reported by Gupta et al.> and Janssen et
al. '! The use of high-resolution 3-Tesla MRCP in the present study may have contributed to better detection of subtle
variants, as previously suggested by Mazroua et al. 1

Among the variants, Type A2 (triple confluence) and Type A3 (right posterior sectoral duct draining into the left hepatic
duct) were the most frequent. Type A2 anatomy is of particular surgical significance because trifurcation patterns increase
the risk of inadvertent biliary injury during hepatobiliary procedures. Similarly, Type A3 anatomy has important
implications in liver transplantation and laparoscopic cholecystectomy because the aberrant duct crossing the hilar plate is
highly susceptible to injury. Comparable frequencies have been reported by Gupta et al., Janssen et al., and El Hariri and
Riad '3 Sureka et al. '* and Sarawagi et al. * further emphasized the clinical importance of recognizing these variants
before surgery.

Type A4 and Type A5 variants were less common but clinically significant. Type A4 anatomy, characterized by direct
drainage of the right posterior sectoral duct into the common hepatic duct, poses a substantial risk during dissection within
Calot’s triangle. Type A5, although rare, represents one of the most hazardous configurations because transection of the
cystic duct during cholecystectomy may inadvertently divide the aberrant duct, resulting in serious postoperative
complications.

Evaluation of cystic duct anatomy revealed considerable heterogeneity. Lateral insertion into the mid common bile duct
was the most common configuration, observed in 67.74% of cases, consistent with previous studies. Variants such as low
insertion, high insertion, and medial insertion are of particular surgical importance because they increase the likelihood of
bile duct injury and technical difficulties during laparoscopic cholecystectomy. Taghavi et al. !® and Rhaiem et al. 7
highlighted the value of preoperative MRCP in identifying these potentially dangerous anatomical patterns.

Assessment of the pancreatic duct demonstrated normal anatomy in 91.13% of participants. Pancreatic divisum was the
most common pancreatic duct variant, identified in 5.65% of cases, which corresponds closely with the prevalence reported
in MRCP literature. Although pancreatic divisum is frequently asymptomatic, it has been implicated in recurrent
pancreatitis in susceptible individuals. Bertin et al. '3 suggested that pancreatic divisum acts as a cofactor rather than an
independent cause of pancreatitis, while Sandrasegaran et al. !° emphasized the utility of secretin-enhanced MRCP in
evaluating functional obstruction associated with this anomaly.

Less common pancreatic variants included meandering main pancreatic duct and anomalous pancreaticobiliary duct
junction (APBDJ). The latter, although identified in only one patient, is clinically significant because of its established
association with biliary malignancy and chronic biliary inflammation.® Early identification through MRCP facilitates
timely intervention and long-term surveillance.

Overall, the present study demonstrates that biliary and pancreatic ductal variations are common findings on MRCP and
possess considerable clinical relevance. Accurate preoperative identification of these variations is essential for
hepatobiliary surgery, liver transplantation, and endoscopic interventions. The findings support the routine use of MRCP
in selected patients with suspected complex biliary anatomy, as it provides a detailed anatomical roadmap that can reduce
operative complications and improve patient outcomes.

CONCLUSION

The present study demonstrated that anatomical variations of the biliary tree and main pancreatic duct are common findings
on MRCP. Typical intrahepatic biliary anatomy was observed in only about half of the study population, while Type A2
and Type A3 were the most frequent biliary variants. Lateral mid-CBD insertion was the predominant cystic duct
configuration, and pancreatic divisum was identified in 5.65% of cases. These variations have important implications for
hepatobiliary surgery, liver transplantation, and endoscopic procedures. MRCP proved to be a valuable, non-invasive
modality for accurate preoperative mapping of ductal anatomy, helping reduce the risk of iatrogenic biliary injury. The
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absence of significant associations with sociodemographic factors further supports the congenital nature of these
anatomical variations.
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